In vitro shoot growth and root formation 
enhancement of Moringa oleifera Linn. on 
DKW medium containing cytokinins and 
auxins 


Cite as: AIP Conference Proceedings 2606, 040008 (2023); https://doi.org/10.1063/5.0118345 
Published Online: 04 January 2023 


Rudiyanto, Agus Purwito, Darda Efendi, et al. 


View Online Export Citation 


APL Quantum 


Seeking Editor-in-Chief 


AIP Conference Proceedings 2606, 040008 (2023); https://doi.org/10.1063/5.0118345 2606, 040008 


© 2023 Author(s). 


In vitro Shoot Growth and Root Formation Enhancement of 
Moringa oleifera Linn. on DKW Medium Containing 
Cytokinins and Auxins 


Rudiyanto!*”, Agus Purwito”, Darda Efendi? and Tri Muji Ermayanti' 


'Research Center for Biotechnology, National Research and Innovation Agency (BRIN), 
Jl. Raya Bogor Km. 46, Cibinong, 16911, West Java, Indonesia. 
?Departement of Agronomy and Horticulture, Faculty of Agriculture, IPB University, 
Jl. Meranti, Dramaga, Bogor, 16680, West Java, Indonesia. 


*) Corresponding author: rudidinasty@yahoo.com 


Abstract. Moringa (Moringa oleifera Linn.) is a popular plant as a functional food crop. In micropropagation, modifying 
the medium culture is critical to determine the best nutrient composition for plantlet production. The antecedent research 
showed that the basic DKW (Driver and Kuniyaki Walnut) medium was the best compared to MS (Murashige and 
Skoog), WPM (Woody Plant Medium), NN (Nitsch and Nitsch), and BS (Gamborg) media. This experiment aimed to 
enhance the growth of shoot culture and its root formation on a basic DKW medium supplemented with cytokinins and 
auxins. Two experiments were conducted. The first experiment was designed to obtain the best medium for shoot growth 
by adding cytokinin BAP, Kinetin, 2-IP, and Zeatin. The use of IAA (indole-3-acetic acid), NAA (1-naphthalene acetic 
acid), and IBA (3-indolebutyric acid) to enhance root formation was set for the second experiment. A completely 
randomized design with two elements was utilized for the experiment. The variables tried were: Plant Growth Regulators 
(PGR): BAP, Kinetin, 2-IP, and Zeatin with 0.0, 0.5, 1.0, and 2.0 mg/1 for shoot development and IAA, NAA, and IBA at 
a similar concentration for root arrangement. Every treatment comprised of 12 recreates. The factors noticed were shoot 
stature, shoot numbers, petiole numbers, root numbers, and root length noticed one time per week. Following a month 
and a half after culture, plantlet performance were recorded. The best shoot stature, shoot numbers, and petiole numbers 
were created on a medium enhanced with | mg/l Kinetin and significantly unique with others. The most significant roots 
and root length were created at 1.0 and 2.0 mg/l IAA. 


INTRODUCTION 


Moringa oleifera Linn. is currently utilized as a functional food and is generally developed universally because it 
has a few advantages for human wellbeing. This plant species is local to Middle Eastern nations: India, Bangladesh, 
Pakistan, and others [1,2,3]. This plant has become naturalized in the tropics and subtropics districts with proceeded 
development [4]. 

Moringa oleifera is also famous as an alternative source for hidden hunger health issues, especially preventing 
and alleviating malnutrition [5]. Its seeds and leaves are commonly eaten fresh, cooked, or powdered. They contain 
numerous essential synthetic substances like unsaturated fats, B-carotene, tocopherols, and phenolic compounds, 
beneficial for nutrients and health-promoting compounds. The natural products are stringy and customarily used to 
forestall colon disease and treat stomach related issues. Blossom extracts improve the taste and shade of dishes in 
culinary arrangements [5,6,7]. 

Conventional propagation of M. oleifera commonly done by generative method uses seeds or vegetatively by 
cuttings. This method has some disadvantages, such as limited explants for cuttings, susceptibility to microbial 
diseases, and seed viability. Micropropagation through in vitro culture offers some advantages, such as being stable, 
free of pests and diseases, and producing relatively quickly and producing uniform seeds. Micropropagation is 
impacted by many variables, like culture medium, plant development controllers, and plant species genotype [8]. 
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One of the fundamental variables in plant tissue culture, particularly in the multiplication stage, is adding plant 
development controllers into the way of medium, like cytokinin and auxin. It is notable that cytokinins assume 
different parts in plant advancement, for example, the exercises of specific catalysts and advancing cell division and 
cell extension in plant protein combination excitement [9]. Auxin is a focal part that directs root improvement, 
particularly primer and horizontal roots and root hairs [10]. 

Principally, cytokinins play a critical part in plant improvement, such as advancing cell division and extension 
and the guidelines for shoot development and duplication. BAP improves shoot arrangement in the interim and can 
set sidelong buds free from lethargy. In C. orivilianum refined, 26.6 uM of BAP could upgrade the most elevated 
shoot number while significantly reducing shoot length [11]. 

Auxin is the most generally concentrated on phytohormone. It is associated with plant development and 
advancement, for example, organogenesis, embryogenesis, tissue designing, and tropism [12]. Indole-3-acidic-acid 
(IAA) is the most bountiful typical of auxin found broadly across the plants, trailed by indole-3-butyric-acid (IBA). 
IAA has been displayed to control different phases of root advancement and root framework design, though IBA 
advances lateral root improvement [12]. In addition, engineered types of auxins, like 2,4-D (2,4- 
dichlorophenoxyacetic acid) and NAA (1l-naphthaleneacetic acid), are regularly utilized in plant tissue culture 
examination to control development. Auxin goes about as a focal part that directs root improvement, particularly the 
arrangement of sidelong and primer roots and root hairs [10]. 

In our past outcomes, the ideal development of M. oleifera refined was accomplished on DKW medium, which 
delivered the most noteworthy shoot stature (13,97 cm), petioles (12,33), and the root numbers (8.33) [13]. BAP at 
4.44 uM was ideal for delivering the most significant number of shoots per explants. In the meantime, in 2.85 uM 
IAA and 4.92 uM IBA treatment acquired proficiently in vitro establishing of individual shoot culture [14]. BAP at 
2.5 uM created a normal of 4.6 axillary shoots per explant following fourteen days [15]. This experiment was meant 
to improve the shoot culture of M. oleifera and its root development on DKW medium enhanced with cytokinins and 
auxins. 


MATERIALS AND METHODS 


Materials 


Materials utilized in this experiment were plantlets of M. oleifera at about a month and a half of refined on DKW 
medium. In this examination, 1.5-2.0 cm long of internodes of M. oleifera, with 2-3 leaves, were refined by the 
medium treatment tried. The Plant Growth Regulators (PGR) utilized were BAP, Kinetin, 2-IP, and Zeatin at 0.0, 
0.5, 1.0, and 2.0 mg/l for shoot development advancement (First experiment) and [AA, NAA, and IBA at a similar 
concentration for root arrangement (Second experiment). The media were set utilizing 3 g/l of Gelzan (TM Caisson 
labs). Medium pH was changed by 5.8 and afterwards sterilized with an autoclave at 121°C at 15 psi for 20 min. 
Cultures were brooded at 26 + 2°C, with 500-900 lux of photoperiod light. 


Experimental Design and Data Analysis 


The experimental plan utilized was Complete Random Design factorial. In the primary analysis, the principal 
factor was the kind of cytokinins: BAP, Kinetin, 2-IP, and Zeatin; the next element was the various fixations at 
levels 0.0, 0.5, 1.0, and 2.0 mg/l for the shoot development treatment. In the subsequent test, the primary element 
was the kind of auxin: IAA, NAA, and IBA, while the subsequent variable was the concentration of 0.0, 0.5, 1.0, 
and 2.0 mg/l for the root development treatment. Analysis of Variance (ANOVA) was utilized for quantitative 
information examined to decide the impact between treatment. The essentially various factors were tried utilizing 
DMRT (Duncan's Multiple Range Test) at a 1 and 5% levels utilizing open-source programming (DSAASTAT 
V.1.1). Every treatment comprised of 12 recreates. The factors noticed were shoots tallness, shoot numbers, petiole 
numbers, root numbers, and root length noticed each week until about a month and a half of culture. At about a 
month and a half of culture, plantlet performance were recorded. 
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RESULTS AND DISCUSSION 


Effect of Cytokinin on Shoot Growth 


The impact of cytokinins on plant micropropagation can can vary based on the variety of plants, the age of 
explants, and the kind of basic culture medium. Some past research showed that ideal convergences of adenine-type 
cytokinins are vital for tissue culture and in vitro multiplication [9]. The development of M. oleifera shoot refined on 
DKW medium enhanced with BAP, Kinetin, 2-IP, and Zeatin at 0.0 (control treatment), 0.5, 1.0, and 2.0 mg/l is 
displayed in Fig. 1. In the BAP medium, shoot stature development started a week after culture. The shoot stature 
kept on expanding until about a month and a half after culture. In DKW medium containing 0.0 and 0,5 mg/l BAP, 
the ideal shoot stature was reached at 2 a month of culture. The expansion of BAP at 2.0 mg/l slow the shoot stature 
(Fig. la). Kinetin gave a vast expansion in the shoot tallness at 2 a month and a half after culture. Moreover, the 
expansion of Kinetin at 1.0 mg/l created the most elevated shoots (Fig. 1b). 

Figure Ic shows that shoots development of M. oleifera started fourteen days after culture on DKW medium 
containing 2-iP. The increment of shoot stature went on until about a month and a half after culture. Stronghold with 
1.0 mg/l 2-iP gave the most noteworthy shoot of M. oliefera. At 0; 0.5 and 2.0 mg/l 2-iP gave comparable 
development. This outcome is compared with the expansion of Zeatin. The development of shoot tallness was 
likewise ideal at two weeks until a month and a half after culture. Without Zeatin and with the expansion of 0.5, 1.0 
and 2.0 mg/l gave no critical distinction on the shoot tallness (Fig. 1d). 
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FIGURE 1. Shoot stature of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l BAP (a), Kinetin 
(b), 2-iP (c), and Zeatin (d) refined for 0-6 weeks 


Figure 2 shows the expanding shoot numbers of M. oleifera refined in DKW medium enhanced with various 
cytokinins. The addition of BAP expanded the quantity of shoots at 2 and 3 weeks after culture. The ideal 
development was found in the medium with 0,5 mg/l BAP, which created the most significant number of shoots at 3 
weeks until a month and a half after culture. The development of the number of shoots in DKW containing 0.0, 1.0, 
and 2.0 mg/l BAP on 2 weeks until a month and a half on culture was not significant (Fig. 2a). A low fixation (0.5 
mg/l Kinetin and BAP) was added to MS medium expanded horizontal shoots in R. akane. Micropropagation of this 
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plant species has not been generally revealed. However, in the same genus, R. cordifolia, it requires BAP with a 
higher concentration (1 mg/l) to obtain an optimal number of shoots [16][17]. 

In the medium enhanced with Kinetin, the shoot numbers of M. oleifera shifted, relying upon the various 
fixations given. The number of shoots expanded after fourteen days. The most significant shoot numbers was 
produced in the medium with 1.0 mg/l Kinetin, trailed by 0.5, 2.0, and 0.0 mg/l Kinetin, separately, at about a month 
and a half after culture (Fig. 2b). In DKW medium containing 2-iP, the expanding number of the shoot was lower 
than Kinetin or BAP. The most significant number of shoots was produced in the medium with 0.5 mg/l 2-iP at 3 
weeks until a month and a half after culture (Fig. 2c). Zeatin did not altogether upgrade shoot numbers. The 
development was delayed from 0 to about a month and a half after culture (Fig. 2d). 
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FIGURE 2. Shoot numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l BAP (a), 
Kinetin (b), 2-iP (c), and Zeatin (d) refined for 0-6 weeks 


The expanding petiole numbers in M. oleifera refined on the medium containing BAP, Kinetin, 2-iP, and Zeatin 
at 0 to about a month and a half after the culture is displayed in Fig. 3. BAP expanded the petiole numbers at 2-5 
weeks. At about a month and a half, the most extensive petiole numbers was found in media with 0.5 mg/l BAP 
(Fig. 3a). [18]; [17] stated that when the availability of cytokinins in the culture medium was too high, cell division 
in the cultured tissue would be hampered. However, when the tissue is subcultured on a medium with optimal 
cytokinin content, cell division can take place more quickly, and plantlet growth can take place optimally. Cytokinin 
additionally impacted the development of M. oleifera shoot culture. Kinetin gave the number of petioles differed in 
every concentration. The number of petioles started to build after fourteen days. The most significant petiole 
numbers was found in the medium containing Kinetin at 1.0 mg/l. The ideal petiole numbers expanded at 2 weeks 
until a month and a half after culture (Fig. 3b). The average quantity of petioles on DKW medium containing 2-iP at 
0.0, 0,5. 1.0 and 2.0 mg/l at 2 a month and a half were not significant. Few petioles were seen in the medium without 
adding 2-iP (Fig. 3c). Also, the expansion of Zeatin didn't upgrade the petiole numbers at 2 weeks until a month and 
a half of culture (Fig. 3d). 
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FIGURE 3. Petiole numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l BAP (a), 
Kinetin (b), 2-iP (c), and Zeatin (d) refined for 0-6 weeks 


Figure 4 shows the quantity of roots of M. oleifera refined on DKW media containing four kinds of cytokinins 
(BAP, Kinetin, 2-iP, and Zeatin). Roots started to frame after fourteen days in the medium containing BAP. The 
average root numbers on the control medium (without BAP) was the most elevated. Few roots were seen in the 
medium with the expansion of 0.5 mg/l BAP. Furthermore, there is no roots development in 1.0 and 2.0 mg/l BAP 
(Fig. 4a). Fig. 4b shows that the biggest number of roots was seen in the medium with no Kinetin, where the 
expanding number of roots started fourteen days after culture. Few roots were shaped at 0.5, 1.0, and 2.0 mg/l 
Kinetin (Fig. 4b). Generally, the additional cytokinins did not affect the root formation and the number of roots. 
However, in M. oleifera cultured, roots were also formed in the media with 0.5, 1.0, and 2.0 mg/l BAP and Kinetin, 
although only a few roots were formed. The root formation may be caused by endogenous auxin, which is generated 
in leaves and then transported to the basal explant to initiate roots. [19]; [20] expressed that cytokinins assume a 
significant part in numerous parts of plant development and advancement, including the arrangement of root and 
shoot meristems and vascular tissue improvement. Cytokinins additionally balance root lengthening and parallel root 
number. In the medium containing 2-iP, roots began to frame after fourteen days. In the control medium (without 2- 
iP), the ideal root numbers expanded from 2 weeks to about a month and a half. The quantity of roots was higher 
than in the medium with 2-iP at 0.5, 1.0 and 2.0 mg/l (Fig. 4c). Zeatin at 0.5, 1.0 and 2.0 mg/l gave no roots 
arrangement. The ideal number of roots expanded from 2 weeks until a month and a half after culture in the medium 
without Zeatin (Fig. 4d). 

Variance Analysis or ANOVA on shoot stature, shoot numbers, petiole numbers, and quantity of roots of M. 
oleifera on DKW medium enhanced with four kinds of cytokinins are displayed in Table 1. The outcomes show that 
cytokinins had exceptionally critical impacts on shoot stature, the shoot numbers, and the petiole numbers, and a 
significant impact on the quantity of roots. In comparison, in concentration treatment likewise has an exceptionally 
critical impact on shoot stature, shoot numbers, petiole numbers, and root numbers. There was an association 
between cytokinins and concentration on the quantity of shoots and petioles. Nonetheless, there were no associations 
between the quantity of roots and shoot stature (Table 1). 
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FIGURE 4. Root numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l BAP (a), Kinetin 
(b), 2-iP (c), and Zeatin (d) refined for 0-6 weeks 


TABLE 1. Variance Analysis or ANOVA on shoot stature, shoot numbers, petiole numbers, and root numbers of M. 
oleifera cultured on DKW medium supplemented with BAP, Kinetin, 2-iP and Zeatin six weeks after culture 


F Value and Significance 
No Variables Cytokinins Vs oe 
Cytokinins Concentrations y F (%) 
Concentrations 
1. Shoot Height 25.79"* 5.18" 1.76's 31.38 
2. | Number of Shoots 23.59" 5.82" 3.45" 36.13 
3. | Number of Petioles 26.67" 4.08" 6.02** 29.94 
4. | Number of Roots 3.87" 29.06"* 1.38' 134.00 


Note * : significance at a: 5%; **: very significance at a 1%; ns : not significance 


Table 2 shows the development of M. oleifera refined on DKW medium containing BAP, Kinetin, 2-iP, and 
Zeatin at 0.0, 0.5, 1.0, and 2.0 mg/l at about a month and a half after culture. The most noteworthy shoot was found 
in the medium supplemented with 1.0 mg/l Kinetin, which is significantly different from other treatments with 
different levels and cytokinins. The most minimal shoot was found in the medium with BAP at 1.0 and 2.0 mg/l 
(Table 2). In accordance with that, [9] revealed that higher addition of BAP (2 mg/l) repressed the shoot expansion 
of Amygdalus communis, diminished multiplication rate, length of small shoot, and expanded callus and mini shoot. 
Our observing showed that the most significant shoot numbers and petiole numbers of Moringa refined on the 
medium using 1.0 mg/l Kinetin was significantly different from others. The expansion of 1.0 mg/l Kinetin created 
the most significant shoot numbers and quantities of petioles. Conversely, a low shoot numbers and petioles was 
found in the media containing 1.0 and 2.0 mg/l of BAP and Zeatin (Table 2). Kinetin is an essential plant hormone. 
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Stimulating cell division regulates leaf primordia number, shoot meristem size, and leaf and shoots growth. Kinetin 
can also stimulate mediate axillary bud release from apical dominance [21]. Kinds of cytokinins effectively affect 
the development of Dahlia shoots in tissue culture. Cytokinin 2-iP (0.1-2.0 mg/l) gave a slow reaction to the 
development of Dahlia shoots contrasted with different treatment. Cytokinin 0.1-2.0 mg/l BAP couldn't invigorate 
shoot development [22]. Conversely, our finding showed that the largest number of roots were framed a month and a 
half after culture, which was found in control media (without the addition of BAP, Kinetin, 2-iP and Zeatin), while 
the expansion of 0.5, 1.0, and 2.0 mg/l BAP and Zeatin gave no roots arrangement (Table 2). 


TABLE 2. The average value of shoot stature, shoot numbers, petiole numbers, and root numbers of M. oleifera 


cultured on DKW supplemented with BAP, Kinetin, 2-iP and Zeatin 6 weeks after culture 


Cytokinin eee vom ae ss Shoot Numbers  Petiole Numbers Root Numbers 
0.0 5.80 + 0.74% 1.78 + 0.36% 7.33 40.71% 1.67 + 0.24% 
BAP 0.5 5.58 + 0.67% 3.22 + 0.364 11.44 + 1.25bed 0.00 + 0.00° 
1.0 3.97 + 0.348 1.67 + 0.33 5.56 + 1.03 0.00 + 0.00° 
2.0 2.73 + 0.16% 1.89 + 0.26% 5.78 + 0.64! 0.00 + 0.00° 
0.0 7.96 + 0.464 2.56 + 0.18% 11.00 + 0.80%4 1.56 + 0.507” 
Rineta 0.5 8.69 + 0.56° 3.89 + 0.31°° 12.67 + 0.67° 0.89 + 0.35>4 
1.0 10.93 + 0.60? 5.11 + 0.267 19.22 + 1.40? 0.67 + 0.33°¢¢ 
2.0 8.25 + 0.80°° 4.00 + 0.50° 12.11 + 1.39°° 1.00 + 0.33°° 
0.0 6.61 + 1.00% 2.4440.29% 8.78 + 0.85% 1.56 + 0.447” 
2-iP 0.5 6.76 + 0.74>8# 3.00 + 0.41°4 10.33 + 0.85°¢4 0.33 + 0.24% 
1.0 8.24 + 0.64°° 2.33 40.29%  9.2240.91% 0.00 + 0.00° 
2.0 6.16 + 0.47%! 2.67 + 0.41% 11,22 + 1.16>¢4 0.11 + 0.11% 
0.0 6.98 + 0.88bedet 2.00 + 0.37% 8.89 + 0.84% 2.22 + 0.57? 
eatin 0.5 7.31 + 0.92bedet 2.44£0.29%F 9.89 + 1,23>e4 0.00 + 0.00° 
1.0 7.59 + 1.07be¢ 2.33 40.24% = 9.67 + 0.83°° 0.00 + 0.00° 
2.0 5.81 + 0.77% 2.33 40.24% 9.114 1.16% 0.00 + 0.00° 


Note: The numbers followed by the same letter in the same column are not significantly different 
according to Duncan's multiple range test at a = 5% 


The presentation of M. oleifera refined on DKW containing various of cytokinins is displayed in Fig. 5. Shoots 
in DKW medium enhanced with BAP at 1.0 mg/l were more robust than in control and 0.5 mg/l BAP. The leaves' 
tone was greener with vigorous petioles and stems. At the medium containing 0.5, 1.0, and 2.0 mg/l BAP, callus was 
shaped, yet in the control medium, no callus was framed at the foundation of the stems (Fig. 5a). Some in 
vitro cultures only use cytokinins considering that the endogenous auxin in plants is sufficient to support root growth 
in plant tissue culture [23]. [24] research results; [23] stated that the highest agarwood shoots were produced at 0.5 
mg/l BAP, which obtained 6.11 shoots. In contrast, when the concentrations of BAP increased, the average shoots 
produced decreased. High convergences of cytokinins can cause a decline in the quantity of shoots, and BAP 
fixations that surpass the ideal levels cause restrained shoot advancement. Figure 5b shows that Kinetin at 1.0 mg/l 
gave the shoot's growth superior to different media. On medium without expansion of Kinetin and 0,5 mg/I Kinetin, 
the stems and leaves were withered and yellowed. On the control medium, shoots did not show critical development. 
Calli were shaped in totally refined media at the foundation of stems (Fig. 5b). The best cytokinin is Kinetin which 
is usually utilized in initiating shoot creation. The adequacy of Kinetin in the movement of the catabolic chemical 
cytokinin oxidase plays the main job in controlling cytokinin levels. The action of Kinetin is a cytokinin corrupting 
protein that at last decreases the adequacy of any cytokinins in that plant contingent upon the chemical's underlying 
fixation [25]. 

Vigorous shoots of M. oleifera with long stems and wide leaves are displayed on DKW medium with 1.0 mg/l 2- 
iP. The shoots were hindered and had just few leaves on control media. The stem's bud broadened and framed a 
callus on the medium containing 2-iP at 0.5, 1.0, and 2.0 mg/l (Fig. 5c). DKW containing 1.0 and 2.0 mg/l Zeatin 
gave a more predominant impact than the control media with more vigorous stems, many leaves, and more callus. 
The hindered shoot was found in control media (Fig. 5d). 
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FIGURE 5. Culture performance of M. oleifera on DKW medium supplemented with 0.0, 0,5, 1.0 and 2.0 mg/l BAP (a), Kinetin 
(b), 2-iP (c), and Zeatin (d) at 6 weeks after culture. 


Effect of Auxin on Root Growth 


Our finding showed that M. oleifera shoots culture developed well on DKW medium with and without auxins 
IAA, IBA, and NAA. Kinds of auxins gave various statures of shoots. The expansion of 2 mg/l IAA delivered the 
most elevated shoot development. The most reduced shoot was gotten on the medium containing IAA at | mg/l. In 
any case, the development of shoots from the start of culture to about a month and a half of culture was not 
significant (Fig. 6a). The outcome showed that without IBA giving the most noteworthy shoot tallness, the briefest 
shoot was viewed in the medium with 2 mg/l IBA. The higher the concentration of IBA (2 mg/l) gave the least shoot 
tallness (Fig. 6b). Essentially, no expansion of NAA additionally brought the most elevated shoot stature. Be that as 
it may, the most brief shoot was found in the medium containing NAA at | mg/l (Fig. 6c). 

The quantity of shoots of M. oleifera saw from 0 to about a month and a half after culture on DKW medium 
containing IAA, IBA, and NAA at 0.0, 0.5, 1.0 and 2.0 mg/l is displayed in Fig. 7a. The most significant number of 
shoots was displayed in control treatment/without IAA. Besides, the most reduced shoot numbers were viewed in 
the medium enhanced with 1.0 and 2.0 mg/l IAA (Fig. 7A). Medium containing 0.5 mg/l IBA gave the most 
extensive number of shoots. The shoot started to grow three weeks after culture. There was no considerable contrast 
in development between the control medium with the addition of IBA at 1.0 and 2.0 mg/l from 0 to a month and a 
half of culture (Fig. 7b). Conversely, the medium without NAA gave the most significant number of shoots and 
essentially contrasted from others. The ideal development of shoots was found at 2 weeks until a month and a half 
after culture (Fig. 7c) 
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FIGURE 6. Shoot stature of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l IAA (a), IBA (b), 
and NAA (c) refined for 0-6 weeks 
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FIGURE 7. Shoot numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l IAA (a), IBA 
(b), and NAA (c) refined for 0-6 weeks 
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Figure 8 indicates the expanding petiole numbers in M. oleifera refined on DKW enhanced with IAA, IBA and 
NAA from 0 to a month and a half after culture. In the medium with IAA at fourteen days after culture, the quantity 
of petioles expanded, and the ideal number expanded at 2-5 weeks. At a month and a half, the most significant 
petiole numbers was found in the control medium without IAA (Figure 8a). On medium without expansion of IBA 
gave the most extensive petiole numbers, and the most reduced petiole numbers was found in the medium with 2 
mg/l IBA. The higher the concentration of IBA given, the lower number of petioles created (Fig. 8b). The average 
petiole numbers on the medium without NAA was higher at 2 weeks until a month and a half of culture, essentially 
different from others. Few petioles were found in the medium containing 1.0 and 2.0 mg/l NAA (Fig. 8c). 
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FIGURE 8. Petiole numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l IAA (a), IBA 
(b), and NAA (c) refined for 0-6 weeks 


The presence of endogenous auxin in M. oleifera invigorated root development. The development of roots on 
DKW media enhanced with IAA, IBA and NAA are introduced in Fig. 9. Numerous kinds and levels of auxins 
delivered established besides in the medium containing 2.0 mg/l NAA. All shoots likewise shaped roots in all 
control treatments or without adding auxins. The expansion of 0.5, 1.0 and 2.0 mg/l IAA improved root 
development at fourteen days. In the interim, roots grew a month after culture in the control medium. The most 
significant number of roots was gotten in the medium with IAA at 2.0 mg/l (Fig. 9a). Medium containing 2.0 mg/l 
IBA gave the most extensive number of roots, where the expanding number of roots started at fourteen days. A few 
roots were shaped in the control medium (Fig. 9b). Roots began to grow three weeks after culture in the medium 
containing NAA. In the control medium and the medium containing 0.5 and 1.0 mg/l NAA, the ideal number of 
roots expanded from 3 weeks to a month and a half. In this treatment, the quantity of roots was higher than in the 
medium with NAA at 2.0 mg/l (Fig. 9c). This outcome followed Gupta et al., (2010) [26], who detailed that auxin 
IAA is more appropriate for root arrangement, while NAA and IBA were more receptive to callus development. 
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FIGURE 9. Root numbers of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/I IAA (a), IBA 
(b), and NAA (c) refined for 0-6 weeks 


The optimal auxin concentration is a crucial factor determining root growth, recorded as the number and length 
of roots in M. oleifera culture. The outcomes showed that the addition of 2.0 mg/l IAA delivered the longest roots. 
The ideal roots development started from 2 weeks to a month and a half after culture. The shortest root length was 
found in the control treatment (Fig. 10a). Conversely, the control medium gave the longest roots, and the briefest 
roots were found in the medium with addition 2.0 mg/l of IBA and NAA from 2 weeks to a month and a half after 
culture (Fig. 10B and 10C). For root induction on in vitro cultured, auxin is necessary. Masekesa et al., 2016 and 
Rantau ef al., 2018 [25, 28] stated that adding a combination of auxin at 2 mg/l IAA and IBA on MS media showed 
optimal root growth, which produced 3.8 an average of roots per plantlet in guava culture. In comparison, adding 
IBA and IAA at 2.5 mg/l obtained 54% of rooted formation. 

Table 3 shows variance analysis or ANOVA in factors: shoot tallness, shoot numbers, petiole numbers, root 
numbers, and roots length of M. oleifera on DKW medium enhanced with three kinds of auxins. The outcomes 
showed that various kinds of auxins had a profoundly massive impact on the factors of shoot stature, shoot numbers, 
petiole numbers, root numbers, and roots length. This finding follows concentration treatment, which significantly 
impacted factors: shoot stature, shoot numbers, petiole numbers, root numbers, and roots length (Table 3). Table 3 
additionally showed interaction among auxins and concentration on factors: shoots tallness, the quantity of shoots, 
quantities of roots, and roots length, and there are no associations on petiole numbers. 

The average shoot tallness, petiole numbers, shoot numbers, root numbers, and roots length of M. oleifera 
refined on DKW medium supplemented with IAA, IBA, and NAA at 0.0, 0.5, 1.0, and 2.0 mg/l at a month and a 
half are displayed in Table 4. The most elevated shoot was found in the control medium and altogether not the same 
as others. The last shoot was found in the medium with addition 1.0 and 2.0 mg/l NAA (Table 4). The outcomes 
showed that the most significant petiole numbers and shoots were delivered in the control medium and 0.5 mg/l 
IAA, which was fundamentally different from others. In the meantime, the most minimal shoot numbers and petioles 
was found in medium with 1.0 and 2.0 mg/l NAA (Table 4). 
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FIGURE 10. Root length of M. oleifera grown on DKW medium supplemented with 0.0; 0.5; 1.0 and 2.0 mg/l IAA (a), IBA 


(b), and NAA (c) refined for 0-6 weeks 


TABLE 3. Variance analysis or ANOVA on shoot stature, shoot numbers, petiole numbers, root numbers and roots length 


of M. oleifera cultured on DKW media supplemented with IAA, IBA and NAA six weeks after culture 


F Value & Significance 


F 7 CV 

Ne Varlables Auxins Concentrations pate * (%) 
Concentrations 
1. Shoot Stature 26.64" 18.72™* 4.31" 48.76 
2. Shoot Numbers 15.36" 7.09" 2.87" 44.62 
3. Petiole Numbers 41.62™* 22.50" 1.94" 47.03 
4. Root Numbers 41.13" 7.11" 11.91 45.52 
5. Roots Length 10.93** 16.33** 12.94** 60.01 
Note * : significance at a: 5%; *": very significance at a 1%; ns : not significance 


Conversely, the medium containing 2.0 mg/l IAA acquired the most noteworthy roots at a month and a half. The 
most noteworthy roots length was created at the medium without IBA and NAA and contained 1.0 mg/l IAA (Table 
4). However, in all the treatments, regardless of the different types of auxin and the different concentrations, the 
increasing hormone enhance the physiological response until reaching a saturation level. The increase of hormone 
concentration exceeding the "Saturation Level" could have an inhibitory physiological response. Higher hormone 


concentration does not impact the physiological response before exceeding the saturation point [27]. 
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FIGURE 11. Shoot culture performance of M. oleifera on DKW medium supplemented with 0.0, 0,5, 1.0 and 2.0 mg/l IAA, IBA 
and NAA at six weeks after culture. 


Figure 11 shows M. oleifera performance refined on DKW medium containing 0.0, 0,5, 1.0, and 2.0 mg/l IAA, 
IBA, and NAA at a month and a half after culture. In all control media (without adding IAA, IBA, or NAA), M. 
oleifera shoots had robust development with solid stems and green leaves, yet tiny roots were shaped (Fig. 11). 
Contrasts in the establishing capacities might be credited to the impact of every direction on the inward auxin 
transport framework inside the tissue. The auxin transport framework is polar, moving the direction into altered, 
vertical, or horizontal positions. At contrasting rates, auxin consumption from the cut surfaces relies upon the 
direction. Tissue changes in tissue's capacity to deliver adventitious organs have been connected to auxin 
consumption [29]. 

In the DKW medium with the expansion of 0.0 and 0.5 mg/l IAA and IBA, the shoot culture's exhibition was 
superior to the medium with IAA and IBA at 1.0 and 2.0 mg/l. Calli were formed in the medium containing 0.5, 1.0, 
and 2.0 mg/l IBA and NAA at the subordinate of the stems (Fig. 11). M. oleifera shoots developed on control 
medium (DKW medium only) looked vigorous and created wide leaves with long stems. Hindered shoots and a few 
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leaves were shaped on medium with 1.0 and 2.0 mg/l NAA. Some part of the stem enlarged and formed callus in the 
medium with 0.5 mg/l of NAA (Fig. 11). 


TABLE 4. The average value of shoot stature, shoot numbers, petiole numbers, root numbers and root length of M. oleifera 
cultured on DKW medium containing 0.0, 0.5, 1.0 and 2.0 mg/l IAA, IBA and NAA 6 weeks after culture 


Concentration Petiole 


Auxins (mg/l) Shoots Stature Shoot Numbers Numbers Root Numbers Root Length 
0.0 9.68 + 0.87° 2.42 + 0.29? 9.42 + 0.83? 1.33 + 0.142 2.80 + 0.36" 
IAA 0.5 8.94 + 0.94b 2.174 0.17% 8.67 + 0.92% 3.58 + 0.23°% 2.36 + 0.34° 
1.0 8.24 + 1.32% 1.33 + 0.14°4 5.42 + 0.84¢¢ 5.00 + 0.25% 5.63 + 0.887 
2.0 10.03 + 1.04° 1.33 + 0.19°%4 6.00 + 0.694 5.50 + 0.467 3.25 + 0.35% 
0.0 13.13 + 0.647 1.25 + 0.18% 6.17 + 0.274 3.08 + 0.484 5.26 + 0.62? 
IBA 0.5 8.23 + 1.71% 1.75 + 0.30°° 5.83 + 1.224 3.50 + 0.45°¢% 4.16+0.95% 
1.0 6.43 + 1.20°4 1.17+0.11° 4.08+0.654  4.17+0.66>°4 2.29 + 0.37° 
2.0 5.33 + 0.844 1.25 + 0.13% 3.58 + 0.47% 4.67 + 0.75%¢ 1.75 + 0.18% 
0.0 9.69 + 1.12b 1.42 + 0.29°4 6.75 + 0.69% 2.37 + 0.39%8 5.59 + 0.698 
NAA 0.5 4.85+1.154 1.00 + 0.004 2.75 + 0.54% 2.00 + 0.21% 1.63 + 0.23°¢ 
1.0 1.40 + 0.07° 1.00 + 0.004 1.25 + 0.138 2.00 + 0.00% 0.70 + 0.00% 
2.0 1.10 + 0.07° 1.00 + 0.004 1.00 + 0.008 0.00 + 0.00" 0.00 + 0.00° 


Note: The numbers followed by the same letter in the same column are not significantly different based on 
Duncan's multiple range test at a = 5% 


CONCLUSION 


Types and levels of cytokinins impacted shoot development of M. oleifera in vitro refined on DKW medium. 
Additionally, the sorts and levels of auxins likewise impacted its root development. Medium containing | mg/l 
Kinetin was excellent for shoot stature, shoot numbers and petiole numbers. Auxin IAA at 1.0 and 2.0 mg/l 
delivered the most significant root numbers and root length. Hence, the selection of PGR (plant growth regulators) 
was beneficial to find out the best medium composition for development and multiplication of M. oleifera shoots as 
well as for its root formation. 
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